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Abstract 
In this paper, we propose a novel on-glass antenna with a planar structure for the GPS wireless communication. A 
prototype of the proposed antenna with a compact size of 6mm×18mm is experimented in the mobile handset 
operation. The antenna shows operating bandwidths (referenced Return loss -6dB) for covering the GPS L1 band in 
1.575GHz. The present design mainly focuses on the current trends in the development of compact and low profile 
mobile handset. For reducing the dimension of the antenna area in the device, the GPS antenna is placed on the inner 
surface of the glass over the display. Moreover, the antenna design can be against to avoid the degradation in the user 
handheld condition. The simulated and measured data including return loss, antenna gain and radiation patterns are 
presented. As a result of the measurement, the antenna design is proper to the GPS band application in the mobile 
handset.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology. 
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1. Introduction 
The GPS is a satellite-based positioning system operated by the United States Department of Defense. 
The system was officially put into operation in 1995. By using the difference in the radio signal 
propagation times of at least three of the twenty-four GPS satellites, a GPS receiver can accurately 
determine its position worldwide within a few meters. The GPS signals used for civil are transmitted at a 
frequency of 1.575 GHz in GPS L1 bands.  
The antenna satisfying specific bandwidth for GPS navigation system in the modern mobile handset 
have been implemented and developed. Currently, the general GPS function supports the assisted 
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functionality in 3G wireless communication terminals.  Besides, there are added more wireless functions 
in a mobile handset. It’s a challenge to minimize each antenna area for arranging more antennas in a 
mobile handset and still keep good performances. 
Mobile handsets with GPS navigation system have progressed very rapidly. The requirement of the 
small dimension and compact size for the industrial design is the trend. In the highly demanding GPS 
receive system in a mobile handset; to measure the antenna performance in the free space is necessary. 
Moreover, the handheld condition is needed to consider the impact for the user’s experience.  
Traditional antennas such as monopoles, dipoles, planar [1] and patches [2] antnenas are not suitable to 
achieve the requirements of modern wireless communication terminals design. In addition, the mobile 
handsets with traditional antennas design suffer a huge degradation in the handheld condition. There is the 
need for alternative approaches to small antenna with high performance design not only in free space but 
handheld conditions. This paper describes a miniaturized planar GPS antenna design for integrating in a 
modern mobile handset. 
In this paper, we have designed a compact GPS antenna and analyzed the characteristics of the antenna 
implemented in a mobile handset. The internal GPS radiator is made by a planar antenna with a feeding 
and shorting pad. The antenna attached on the inner surface of the glass over the display built in a mobile 
handset is experimented for the antenna gain and far-field 3D radiation patterns in an anechoic chamber in 
free space and handheld conditions [3] [4]. Results of the presented antenna bandwidth are referenced at 
referenced return loss -6 with bandwidth covering 1550-1650MHz. The applications of the planar antenna 
provide the innovation design, especially in the field of the compact mobile handsets for GPS wireless 
communication [5] [6]. 
2. Antenna Design 
In this paper, the planar antenna has been demonstrated to have several advantages over the 
conventional antenna design for mobile handsets [7] [8]. An internally planar antenna for GPS application 
has been designed on the inner surface of the glass over the display in the mobile handset. In the design of 
the GPS antenna, we have measured the important issues of the antenna gain and radiation polarization. 
The proposed planar antenna (Fig. 1a) is suitable for GPS operation as an internal antenna in a mobile 
handset. The F is the feed point; the G is the grounding point of the antenna. The relative dielectric 
permittivity of the glass is 7. The thick of the glass is 1mm which is over the PCB 5mm. The PCB board 
is composed of 0.8mm thick dielectric substrate with relative dielectric permittivity of 4.6. The PCB’s 
size is 60mmx110 mm served as the ground plane. And the glass serves as a support for the planar 
antenna. The proposed antenna has a compact size of 6mm x 18mm [9] [10]. 
The proposed antenna is formed by the FPC. The FPC has the advantage of the low cost and easy 
manufacturing. The planar antenna shows the supported bandwidth and radiation characteristics for GPS 
antenna with central frequency occurring at 1.575GHz. The length L is adjusted to the resonant frequency 
in Return Loss performance (Fig. 1b). The radiator has a total length of about 40mm which is 
corresponded to 0.25 wavelength of the 1.575 GHz. 
3. Measured Results 
The Return Loss performance in free space and handheld conditions is measured (Fig. 2a). The PCB 
size of 60mm x 110mm is close to the practical mobile handset size. A 50 ohms semi-rigid RF cable is 
used to feed the planar antenna. The probe of the feeding network is a low loss RF cable. By fine-tuning 
the length and gap of the radiator, the resonant frequency of the radiator can be effectively controlled. The 
measured data of antenna peak gain and radiation efficiency utilizing 3D measurement system and far-
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field antenna scanning technology are shown (Table 1). According to the measurement, the operating 
bandwidths of the proposed antennas can cover the GPS bands in the mobile handset, and the antenna 
gain is stable. The vector current distribution excited on the surface of the planar antenna in the 1.575GHz 
is presented (Fig. 2b).    
In addition to consider the user behavior, the impact of the handheld is an issue on the mobile handset. 
The human hand covers on the radiator will have the shift on the resonant frequency and mismatch on the 
RF module. In the proposed antenna, the variances and degradations are small in the antenna gain 
performance. Besides, the present antenna can also generate good radiation patterns (Fig 3). Therefore, a 
prototype of the proposed planar antenna has been successfully implemented. 
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Fig. 1. (a) Proposed GPS antenna illustration; (b) Measured Return Loss of the GPS antenna by adjusting the L 
      
Fig. 2. (a) Measured Return Loss of the GPS antenna in free space and handheld conditions; (b) Measured GPS antenna vector 
current distribution 
Table. 1. Measured GPS antenna gain and efficiency performances. 
GPS Antenna Free space Handheld 
Gain (dBi) 2.2 1.8 
Efficiency (%) 49 46 
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Fig. 3. Measured GPS antenna radiation pattern in free space and handheld conditions in H-plane, E1 plane, and E2 plane 
4. Conclusions 
In this paper, a low profile internal mobile handset antenna for GPS application is proposed, 
constructed and tested. This antenna was designed and measured for free space and handheld conditions. 
From the simulation and measured results, it is found that the performance of the proposed antenna is 
almost not affected by the holding.  A good agreement between measurement and analysis has been 
obtained. The proposed antenna shows a suitable radiation pattern and it easy to apply in the GPS 
wireless operation in a mobile handset. The compact flex-film antenna of 6mmx18mm is low cost and 
easy to fabricate on a thin glass for covering 1.575 GHz. With the obtained results, the proposed planar 
antenna is very promising for practical GPS operations, especially for the thin profile mobile handsets.   
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